Stored and cooked samples of pearl millet (Pennesetum typhoides), which is regularly consumed as food by the Paharia tribe in the hilly regions of Santhal Pargana, Bihar State, India, that were harvested in January 1989 were analyzed for mold flora, natural occurrence of Aspergillusflavus and A. parasiticus, and incidence and levels of aflatoxin B1. Of the 22 fungal species isolated, A. flavus and A. parasiticus were the predominant species (63.8%) during the rainy season, followed by other species of Aspergillus, Penicillium, Fusarium, Rhizopus, Helminthosporium, and Curvularia. Screening of 169 A. flavus and A. parasiticus strains showed that 59 of them were toxigenic, producing various combinations of aflatoxins B1, B2, G1, and G2. The amounts of aflatoxin B1 ranged between 4 and 30 mg/100 ml of liquid medium. Analysis of stored and cooked samples also revealed a high incidence and alarming levels of naturally produced aflatoxin Bl. Forty-nine of 75 stored and 16 of 38 cooked samples contained various combinations of aflatoxins. The levels of aflatoxin B1 ranged between 17 and 2,110 ppb in stored samples and 18 and 549 ppb in cooked samples. The correlation of insect damage with A. flavus and A. parasiticus incidence and quantity of aflatoxin B1 was found to be insignificant.
The production of large amounts of mycotoxins in food and feed by several mycotoxic fungi (12, 15 ) and the frequent occurrence of mycotoxicoses in humans and animals who ingest mycotoxin-contaminated food and feeds are well documented (21) . Reviews indicate that the mycotoxin contamination problem is more frequent in poverty-stricken and illiterate human communities, especially in the tribal belts of tropical countries like India (8) .
The Paharia tribe with its three subraces (Sauria, Kumarbhag, and Mal), who live in the Rajmahal hill range in the Santhal Pargana division of the state of Bihar, India, represent one of the most backward and primitive tribes of India. They are emotionally attached to their hilly habitat in spite of numerous hazards, including scarcity of water, limited areas of cultivable land, remote location, bad roads, and a high incidence of many diseases. However, for their survival they have developed the practice of shifting cultivation. They grow maize and pearl millet in large quantities, store it in poorly built huts, and regularly consume these grains as their staple foods. After maize, pearl millet stands as the second cereal of this tribe. The primitive and faulty methods of cultivation and storage, the hot and humid climate, the frequent unseasonal rains, and the unhygienic way of living make it likely that pearl millet in this locality is exposed to molds and contaminated with aflatoxins.
The aflatoxin group of mycotoxins produced by Aspergillusflavus and A. parasiticus (9, 16) , especially aflatoxin B1, are more dangerous because they have been shown to be potent hepatocarcinogens, strong mutagens, and effective teratogens (2, 3, 14) .
There are reports of human poisoning after the consumption of mold-infested millet (1, 21) , resulting in anorexia, weakness, severe thirst, and other symptoms. The report of Girisham and Reddy (6) that pearl millet is a suitable * Corresponding author. substrate for aflatoxin production also prompted us to make the present investigation.
Attempts were made to determine the amount of aflatoxin B1 being consumed by these people in cooked pearl millet in order to ascertain the extent of aflatoxin exposure among these poor people.
MATERIALS AND METHODS
Pearl millet samples (250 g) from the 1988 crop, harvested in January 1989 and stored for 4 to 8 months, were randomly collected and divided into three subsamples, A, B, and C: A, 10 g of moisture (estimation by wet-weight method); B, 400 grains for mycoflora analysis; and C, remaining portion for analysis of the natural occurrence of aflatoxin.
Subsamples A and B were used immediately, but sample C was dried for 4 h at 90°C and stored. Moist blotter and nutrient agar plate techniques were used for mycoflora examination (10 Samples (50 g) of cooked pearl millet were also collected just before the food was to be eaten to determine the actual quantity of aflatoxin B1 being consumed by the tribesmen. Sample C and samples of cooked food were extracted separately by modified methods of Seitz and Mohr (18) . The two types of chloroform extracts were concentrated separately to 0.5 ml, and the concentrated extracts were kept.
All three types of chloroform extracts (culture filtrates of A. flavus and A. parasiticus, stored samples, and cooked food samples) were qualitatively analyzed on thin-layer chromatography (TLC) plates under UV light. The TLC plates, spotted with 50 ,ul of chloroform extract and one spot of standard aflatoxins (mixture of B1, B2, G1, and G2; Sigma Chemical Co.), were first developed in pure diethyl ether, allowing the solvent front to move to 2 cm from the upper edge of the plate. This procedure removed the pigments and other interfering substances. After air drying for a few minutes, the plates were developed in a toluene-isoamyl alcohol-methanol (90:32:2, vol/vol) solvent system (17) and observed under UV light (at 360 mm) for the detection of various aflatoxins by comparison with a standard. The quantitative estimation was done only for aflatoxin B1 by the methods of Nabeny and Nesbitt (13) .
Chemical confirmation of aflatoxins was done either by using trifluoroacetic acid (20) or spraying 25% H2SO4 on TLC plates.
RESULTS
The mold flora isolated from samples of stored pearl millet taken during the summer, rainy (monsoon), and winter seasons are presented in Table 1 . Of 22 molds isolated, A. flavus and A. parasiticus showed the highest incidence, being present in 63.8% of all samples tested during the rainy season, when the kernel moisture content ranged between 21 and 36%. The incidence of this group of fungi declined considerably in samples taken both in summer, when the moisture level is comparatively low, and in winter, when kernel moisture was comparatively higher (19 to parasiticus (x 46.0 + 2.57) and a lower level of aflatoxin B1, whereas only a slight variation, particularly in A. flavus and A. parasiticus incidence, was observed in category B (Table   2) . Table 3 shows the results of screening of 169 strains of A. flavus and A. parasiticus isolated from samples of stored pearl millet, of which 59 (34.9%) were found to be toxigenic. All the toxigenic strains produced aflatoxin B1, 14 of them produced aflatoxin B1 only, another 14 produced B1 and B2, 16 produced B1, B2, and G1, and 7 isolates produced all four aflatoxins, B1, B2, G1, and G2. A fifth group of eight isolates produced B1 and G1. Thus, five different groups of toxigenic isolates were encountered. Quantitative estimation of aflatoxin B1 levels indicated that the 59 toxigenic isolates produced from 4 to 30 mg/100 ml: 9 produced 0 to 5 mg, 4 The nature of the mycoflora suggested that pearl millet is a good substrate for mold contamination and mold growth (7) .
Statistical correlations between insect-damaged grains, presence of A. flavus and A. parasiticus, and aflatoxin B1 production in categories B and C were not significant, whereas the correlation in category A was significant, particularly for aflatoxin B1 production (r = -0.55, P < 0.01).
Many aflatoxin-producing A. flavus and A. parasiticus strains (59 of 169 fungi isolated) were detected, substantiating the finding of Girisham and Reddy that pearl millet is a good substrate for aflatoxin contamination (6) . All of the positive strains produced aflatoxin B1, and the amounts produced in the liquid medium ranged between 4 and 30 mg/100 ml. These findings provided evidence that there are aflatoxin problems in this locality.
The analysis of natural occurrence of aflatoxin in storage and cooked pearl millet samples further substantiated the probability of aflatoxin ingestion by the Paharia people. The high incidence of naturally produced aflatoxin in stored (49 of 75) and cooked (16 of 38) pearl millet samples illustrates the hazards with which this community is confronted. The actual amounts of aflatoxin B1 analyzed, 14 to 2,110 ppb in storage samples and 18 to 549 ppb in cooked samples, compared with the tolerance limit of 30 ppb decided by the Food and Agriculture Organization (5), leave no doubt regarding the existence of aflatoxin contamination in the Paharia tribal belt. A general survey of health and hygiene in this human community, indicating the frequent occurrence of diseases like anorexia, diarrhea, edema, nausea, acute hepatitis, and other liver disorders, appears to be related to the consumption of aflatoxin-contaminated pearl millet and maize as the staple foods (11) .
